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^ the auction of the present invention provides a means or method for establishing prices for the types of items, wherein the prices 
^ maintain a relationship. In other embodiments, the present invention provides a means or method for implying prices from price 
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SYSTEM AND METHOD FOR AN AUCTION OF MULTIPLE TYPES OF ITEMS 

Related Applications 

This application claims the benefit of the filing dates of the following co-pending U.S. 
applications: 

Ausubel, "SYSTEM AND METHOD FOR AN EFFICIENT DYNAMIC AUCTION FOR 
MULTIPLE TYPES OF ITEMS", U.S. Provisional Patent Application, SN: 60/294,246 
Filed: 05/31/2001. 

Ausubel, "SYSTEM AND METHOD FOR AN EFFICIENT DYNAMIC MULTI-UNIT 
AUCTION", U.S. Patent Application, SN: 09/898,483 Filed: 07/05/2001. 

Field of the Invention 

The present invention relates to improving computer-implemented auctions and, more 
particularly, to computer implementation of an auction in which multiple types of items are 
auctioned together. 

Background of the Invention 

Sellers and buyers of commodities, financial securities, and other goods and services are 
increasingly turning to auctions to assist in the sale or purchase of a wide range of items. 
Auctions are useful for selling a unique item (e.g., a painting), a single type of item available in 
multiple units (e.g., 10 tons of gold), and multiple types of items available in multiple units 
(e.g., 10 tons of gold and 20 tons of silver). And just as auctions are useful for efficiently selling 
items at maximum price, they are also useful for efficiently procuring items at minimum cost. 

Auction formats in the art tend generally to be of the sealed-bid or ascending-bid variety. 
In standard sealed-bid auctions, bidders — in one single bidding round — simultaneously and 
independently submit bids to the auctioneer, who then determines the auction outcome. In 
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standard ascending-bid auctions, bidders — in a dynamic bidding process — submit bids in real 
time until no more bids are forthcoming. Sealed-bid auction formats offer the advantage of speed 
of the auction process. Ascending-bid auction formats offer the advantage that there is feedback 
among participants ' bids, which tends to result in more aggressive bidding and in more efficient 
auction outcomes. 

When auction systems and methods in the art are used to sell (or buy) multiple types of 
items, the auctioneer generally specifies an available supply (or demand) for each type of item. 
For example, the auctioneer announces a supply of 10 tons of gold and 20 tons of silver, and then 
solicits bids, in a sealed-bid or ascending-bid procedure, in order to obtain market-clearing prices 
for each of the two types of commodities. 

However, consider a situation where the types of items are related, for example, contracts 
for provision of a commodity covering different time periods. For example, a government may 
wish to sell three types of financial securities: 3-month Treasury bills; 6-month Treasury bills; 
and 12-month Treasury bills. The government's only constraint may be that it needs to sell $50 
billion worth of new debt securities at this auction, since this is the quantity of old debt securities 
that are maturing in the current calendar quarter. However, the government may have no 
preference as to how the required $50 billion is divided among 3 -month bills, 6-month bills, and 
12-month bills, respectively, and the government may simply wish to "let the market decide" the 
division among the various durations 

Auction systems and methods in the art provide effective ways for the government to sell 
bonds with a fixed division among the various durations. However, new and better systems and 
methods can be devised for "letting the market decide" the division among the various durations. 
The same problem also occurs in real life in the sale of contracts for electricity and all kinds of 
other commodities, as well as in the procurement of related items. In several preferred 
embodiments, the present invention provides a system and method for the government in the 
above example to simply auction $50 billion of Treasury bills at the lowest possible cost (relative 
to the market's yield curve), without imposing a particular division among the various durations. 
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Summary of the Invention 

The present invention is an improved system and method for a computer-implemented 
auction, particularly for a computer-implemented auction in which multiple types of items are 
auctioned together. In several embodiments, the present invention provides a system and method 
to conduct an auction of a group of related types of items, without imposing a particular division 
of supply or demand among the individual types of items within the group. In other 
embodiments, the present invention provides a system and method to conduct an auction of a 
group of related types of items, without imposing a particular division of supply or demand on 
some of the individual types of items within the group. Instead, in some embodiments, the 
present invention provides a means or method for establishing prices for the types of items 
within a group, wherein the prices maintain a relationship. In other embodiments, the present 
invention provides a means or method for implying prices from price parameters in the bids 
received from bidders, based on a relation among the prices for the types of items within a group. 

In some embodiments, market clearing is defined by the condition that the aggregate 
quantity bid for all types of items within a group is less than or equal to the available quantity of 
all types of items within the group. The division among the types of items within the group is 
thus determined flexibly, based on the bids at the associated prices. In other embodiments, 
market clearing is defined by the condition that the quantity bid for one selected type of item 
within a group is less than or equal to the available quantity of the selected type of item. The 
quantities of the other types of items within the group are thus determined flexibly, based on the 
bids at the associated prices. 

In a first preferred embodiment, the present invention is: 

A computer implemented method for conducting an auction of a plurality of types of items 
among a plurality of bidders, wherein bids are received and an allocation of the items among the 
bidders is determined based on the bids, comprising: 

establishing prices for the plurality of types of items, wherein the prices maintain a relationship, 
receiving bids associated with the established prices, and 
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processing the received bids to determine an allocation of the items among the bidders consistent 
with the bids in the event that an allocation consistent with the bids is possible, otherwise 
altering the established prices for the plurality of types of items. 

In a second preferred embodiment, the present invention is a computer system for conducting an 
auction according to the method of the first preferred embodiment. The system includes an 
establishing means, a receiving means, and a processing means. 

In both the first and second preferred embodiments, the relationship or relation among the 
prices may involve a schedule or algorithm. In the event that the relationship or relation is based 
on a schedule, determining prices may involve looking up and possibly interpolating numbers 
that are contained in a table. Alternatively the relationship or relation may be represented as an 
algorithm or a formula that provides a relationship among the prices. The data table may reflect 
a market beyond the auction (for example, it may reflect price differentials in a separate 
commodities market or exchange) and the data table may change during the course of the auction 
(for example, if price differentials change in the separate commodities market or exchange, or if 
a significant news event occurs during the course of the auction). Similarly, the data set to which 
the algorithm or formula are applied may reflect a market beyond the auction and the data set 
may change during the course of the auction. 

In a third preferred embodiment, the present invention is: 

A computer implemented method for conducting an auction of a plurality of types of items 
among a plurality of bidders, wherein bids are received and an allocation of the items among the 
bidders is determined based on the bids, comprising: 

receiving bids comprising a quantity parameter for at least one of the types of items in the 
auction and a price parameter, and 

processing the received bids to determine an allocation of the items among the bidders consistent 
with the bids in the event that an allocation consistent with the bids is possible, wherein the 
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processing includes implying prices from price parameters in the received bids based on a fixed 
relation among the prices of the plurality of types of items. 

In a fourth preferred embodiment, the present invention is a computer system for conducting an 
auction according to the method of the third preferred embodiment. The system includes a 
receiving means and a processing means. 

In both the third and fourth preferred embodiments, the "price parameters" in the 
received bids that are used for "implying prices" could be prices for one or more selected types 
of items. (For example, the price parameter could be an actual price for 3-month Treasury bills, 
and the prices for 6-month and 12-month Treasury bills could be implied, based on a fixed 
relation among the prices.) The "price parameters" could also be neutral parameters or 
indicators (e.g., in the nature of an index) of a price. 

Indeed, in a fifth preferred embodiment, bids include price parameters that may be a 
particularly useful form of neutral parameter. For example, an auctioneer may announce a 
starting price vector of (4.00 , 4.50 , 4.75) and an ending price vector of (8.00 , 8.50 , 8.75). If a 
bidder enters a price parameter of 25%, this may signify that the bidder is indicating a price 
which is 25% of the distance from the starting price to the ending price, i.e., an implied price 
vector of (5.00 , 5.50 , 5.75). In the fifth preferred embodiment, the present invention is: 

A computer implemented method for conducting an auction of at least one type of item among a 
plurality of bidders in a plurality of rounds, wherein bids are received and an allocation of the 
items among the bidders is determined based on the bids, comprising: 

establishing starting prices and ending prices for each type of item in a plurality of rounds, 

receiving bids, wherein a bid comprises a quantity for at least one type of item and a price 
parameter signifying a percentage of the distance from the established starting prices to the 
established ending prices, and 
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processing the received bids to determine an allocation of the items among the bidders consistent 
with the bids in the event that an allocation consistent with the bids is possible, otherwise 
altering the established prices for at least one type of item. 

In a sixth preferred embodiment, the present invention is a computer system for conducting an 
auction according to the method of the fifth preferred embodiment. The system includes an 
establishing means, a receiving means, and a processing means. 

Various preferred embodiments of the present invention resolve a number of important 
limitations to the systems and methods for computer-implemented auctions in the art. Thus, the 
present invention offers the further technical effect of improving computer-implemented 
auctions, making them operate more efficiently. The present invention improves the ability of 
bidders to readily participate in the auction and to express their needs and preferences. The 
present invention improves the ability of the auctioneer to sell at higher prices the items being 
sold in the auction or to obtain at lower cost the items being procured in the auction. The present 
invention improves the efficiency of the auction process by enabling the auction to operate in 
shorter time, expending less computer time, fewer communications resources, and less bidder 
and auctioneer time. Finally, the present invention improves the allocative efficiency of the 
auction process by better allocating items to bidders who value them the highest (or, in a 
procurement auction, to bidders who can provide them at lowest cost). 

Certain constraints are desirable in order for the present invention to operate optimally 
and to reach an economically efficient outcome. In many auctions, it is desirable to impose 
constraints on bidders that require them to bid significantly on items early in the auction in order 
for them to be allowed to bid on items later in the auction. Otherwise, one may find oneself in a 
situation where bidders refrain from submitting serious bids until near the very end of the 
auction, defeating the purpose of a dynamic auction. One exemplary constraint is an activity rule 
which constrains a bidder not to increase his quantity, summed over all of the types of items 
within a group, from one round to the next. Another exemplary constraint is a more stringent 
activity rule which constrains a bidder not to increase, his quantity, individually on each of the 
individual types of items, from one bid or one round to the next. A third exemplary constraint is 
a reduction rule which constrains a bidder not to decrease his quantity, for any single type of 
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item, beyond the point where the sum of the quantities bid for this type of item by all bidders 
equals the sum of the quantities being auctioned. (If, in a given round, two or more bidders 
simultaneously attempt to decrease their quantities, for any single type of item, having the effect 
of reducing bids beyond the point where the sum of the quantities bid for this type of item by all 
bidders equals the sum of the quantities being auctioned, the auction procedure will resolve this 
discrepancy. For example, the auctioneer may honor these attempts to decrease in order of time 
priority, or may ration these simultaneous attempts to decrease in proportion to the attempted . 
reductions.) 

The present invention includes treating the case of auctioning a set of items which 
includes two (or more) items that are neither identical nor perfect substitutes to one another. 
Henceforth, this will be described for short as a situation with "multiple types of items," or 
simply "heterogeneous items" or "heterogeneous objects." Often, but not always, the 
heterogeneous items auctioned together will bear some relationship to one another: for example, 
they may be securities issued by the same entity but with different durations to maturity; or 
contracts for the same goods or services but with different durations. 

One particularly salient use for the present invention is as follows. A national 
government or a private corporation may wish to simultaneously sell 3-month, 6-month and 12- 
month bonds or notes. More generally, these may be contracts for provision of any commodity; 
the contracts are for the same commodity, but covering different but possibly overlapping time 
periods. For the government's or corporation's purposes, the allocation of sales among the 3- 
month, 6-month and 12-month bonds or notes may not be critical; the main issue is that the total 
quantity of the bonds or notes of the three durations add up to the desired dollar figure. 
Meanwhile, the current "yield curve" on financial markets may have 6-month bonds or notes 
yielding interest rates 0.50% higher than 3 -month bonds or notes, and the current "yield curve" 
on financial markets may have 12-month bonds or notes yielding interest rates 0.25% higher than 
6-month bonds or notes. Under these circumstances, the government or corporation may utilize 
the present invention by beginning the auction with an (interest rate) vector of 
(6.00%, 6.50%, 6.75%) for the three respective durations. If the aggregate quantity of the bonds 
or notes desired by all the bidders at these interest rates is greater than the quantity of bonds or 
notes that the government or corporation wishes to sell, the government or corporation might 
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then continue the auction by announcing a new vector of (5.99%, 6.49%, 6.74%) for the three 
respective durations. If the aggregate quantity of the bonds or notes desired by all the bidders at 
these interest rates is still greater than the quantity of bonds or notes that the government or 
corporation wishes to sell, the government or corporation might then continue the auction by 
announcing a new vector of (5.98%, 6.48%, 6.73%) for the three respective durations. The 
auction continues in this way, with the government or corporation always following the yield 
curve in setting the relative interest rates for the various durations. Meanwhile, bidders are held 
to the exemplary activity rule which constrains a bidder not to increase his quantity," summed 
over the m types of items, from one round to the next. That is, the bidder is allowed to change 
the mix of 3-month, 6-month and 12-month bonds or notes that he demands, but his total 
quantity demanded of bonds or notes may not be increased as the interest rate goes down. 

A second use for the present invention is as follows. An electric utility may wish to sell 
contracts to provide a given quantity of electricity for 3-month, 6-month and 12-month durations. 
For the electric utility's purposes, the allocation of sales among the 3-month, 6-month and 12- 
month contracts may not be critical; the main issue may be that the total quantity of the contracts 
add up to a desired amount of electricity. Meanwhile, current energy prices may imply that a 6- 
month contract should be priced at $2 per unit higher than a 3-month contract, and that a 12- 
month contract should be priced at $1 per unit higher than a 6-month contract. Under these 
circumstances, the electric utility may utilize the present invention by beginning the auction with 
a price vector of ($10.50, $ 12.50, $13.50) for the three respective durations. If the aggregate 
quantity of contracts desired by all the bidders at these prices is greater than the quantity of 
contracts that the electric utility wishes to sell, the electric utility might then continue the auction 
by announcing a new price vector of ($10.60, $12.60, $13.60) for the three respective durations. 
If the aggregate quantity of contracts desired by all the bidders at these prices is still greater than 
the quantity of contracts that the. electric utility wishes to sell, the electric utility might then 
continue the auction by announcing a new price vector of ($10.70, $12.70, $13.70) for the three 
respective durations. The auction continues in this way, with the electric utility always following 
the implied price differential in setting the relative prices for the various durations. Meanwhile, 
bidders are held to the exemplary activity rule which constrains a bidder not to increase his 
quantity, summed over the types of items within a group, from one round to the next. That is, 
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the bidder is allowed to change the mix of 3-month, 6-month and 12-month contracts that he 
demands, but his total quantity demanded of contracts may not be increased as the price goes up. 

In addition, the present invention may also be used to auction two or more groups of 
types of items. For example, the previous electric utility example could be complicated by the 
presence of two groups of electricity contracts: base and peak. (Base-load quantity is produced 
all of the time while peak-load quantity is only produced at times of peak demand.) Within each 
group, there might be three durations of contracts. Thus, in total, there could be six contracts for 
sale: 3-month, 6-month and 12-month base contracts; and 3-month, 6-month and 12-month peak 
contracts. To continue the example, current energy prices may imply that a 6-month base 
contract should be priced at $2 per unit higher than a 3-month base contract, and that a 12-month 
base contract should be priced at $1 per unit higher than a 6-month base contract. Meanwhile, 
current energy prices may imply that a 6-month peak contract should be priced at $3 per unit 
higher than a 3-month peak contract, and that a 12-month peak contract should be priced at $2 
per unit higher than a 6-month peak contract. 

Under these circumstances, the electric utility may utilize the present invention by 
beginning the auction with a price vector of ($10.50, $12.50, $13.50) for the three respective 
base durations and a price vector of ($26.50, $29.50, $3 1 .50) for the three respective peak 
durations. If the aggregate quantity of base contracts desired by all the bidders at these prices is 
slightly greater than the quantity of base contracts that the electric utility wishes to sell, but the 
aggregate quantity of peak contracts desired by all the bidders at these prices is much greater 
than the quantity of peak contracts that the electric utility wishes to sell, the electric utility might 
then continue the auction by announcing a new price vector of ($10.60, $12.60, $13.60) for the 
three respective base durations and a price vector of ($29.20, $32.20, $34.20) for the three 
respective peak durations. If the aggregate quantity of base contracts desired by all the bidders at 
these prices is still slightly greater than the quantity of base contracts that the electric utility 
wishes to sell, and the aggregate quantity of peak contracts desired by all the bidders at these 
prices is still somewhat greater than the quantity of peak contracts that the electric utility wishes 
to sell, the electric utility might then continue the auction by announcing a new price vector of 
($10.60, $12.60, $13.60) for the three respective base durations and a price vector of 
($29.40, $32.40, $34.40) for the three respective peak durations. The auction continues in this 
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way, with the electric utility always following the implied price differential in setting the relative 
prices for the various durations within a group. (However, between groups, the prices may go up 
at very different rates.) Meanwhile, bidders are held to the exemplary activity rule which 
constrains a bidder not to increase his quantity, summed over the types of items within a group, 
from one round to the next. That is, the bidder is allowed to change the mix of 3-month, 6- 
month and 12-month base contracts that he demands, but his total quantity demanded of base 
contracts may not be increased as the price goes up. Similarly, the bidder is allowed to change 
the mix of 3 -month, 6-month and 12-month peak contracts that he demands, but his total quantity 
demanded of peak contracts may not be increased as the price goes up. However, in this 
exemplary embodiment, the bidder is not allowed to substitute any quantity between the base 
group and the peak group. 

In many of the preferred embodiments, the auction with two or more groups of types of 
items ends at the first moment in time that the aggregate quantity of items bid for by all the 
bidders within each group is less than or equal to the quantity of items being auctioned within 
each group. 

An auction in accordance with an embodiment of the present invention could also allow 
various improvements to the bidding rules. In the previous example of base contracts and peak 
contracts, it may be the case that even if the price of only one group goes up, a bidder may be 
permitted to reduce his demands in both product groups. For example, if the base price vector is 
held constant and the peak price vector goes up, a bidder may be permitted to reduce his quantity 
bid on both base and peak products. The reason for allowing this is that the base and peak 
product may be complements (loosely speaking, products that are useful together, such as left 
shoes and right shoes), so an increased price for one product could reduce a bidder's demand for 
both. 

Throughout this document, the terms "objects", "items", "units" and "goods" are used 
essentially interchangeably. The inventive system and method may be used both for tangible 
objects, such as real or personal property, and intangible items, such as telecommunications 
licenses or electric power. The inventive system and method may be used in auctions where the 
auctioneer is a seller, buyer or broker, the bidders are buyers, sellers or brokers, and for auction- 
like activities which cannot be interpreted as selling or buying. The inventive system and method 
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may be used for items including, but not restricted to, the following: public-sector bonds, bills, 
notes, stocks, and other securities or derivatives; private-sector bonds, bills, notes, stocks, and 
other securities or derivatives; communication licenses and spectrum rights; clearing, relocation 
or other rights concerning encumbrances of spectrum licenses; electric power and other 
commodity items; rights for terminal, entry, exit or transmission capacities or other rights in gas 
pipeline systems; airport landing rights; emission allowances and pollution permits; and other 
goods, services, objects, items or other property, tangible or intangible. It may also be used for 
option contracts on any of the above. It may be used in initial public offerings, secondary 
offerings, and in secondary or resale markets. 

The present invention is useful for "reverse auctions" conducted by or for buyers to 
acquire various kinds of items or resources, "standard auctions" conducted by sellers in which 
items are offered for sale, and "exchanges" in which both buyers and sellers place bids. Although 
terms such as "items or quantities demanded" (by a bidder) and "demand curve" (of a bidder) are 
used to describe the present invention, the terms "items or quantities offered" (by a bidder) and 
"supply curve" (of a bidder) are equally applicable. In some cases, this is made explicit by the 
use of both terms, or by the use of the terms "items or quantities transacted" (by a bidder) and 
"transaction curve" (of a bidder). The term "items or quantities transacted" includes both "items 
or quantities demanded" and "items or quantities offered". The term "bid" includes both offers to 
sell and offers to buy. The term "transaction curve" includes both "demand curve" and "supply 
curve". Moreover, any references to "items or quantities being offered" includes both "items or 
quantities being sold" by the auctioneer, in the case this is a standard auction for selling items, as 
well as "items or quantities being bought or procured" by the auctioneer, in the case this is a 
reverse auction for buying items or procuring items. 

Moreover, while standard auctions to sell typically involve ascending prices and reverse 
auctions to buy typically involve descending prices, the present invention may utilize prices that 
ascend and/or descend. 

While an auction method following this description could be conducted manually, 
computerized implementation of the auction method on an auction system allows the auction to 
be conducted with all bidding information taken into account, while carefully controlling the 
degree to which the information itself is disclosed to the participants. In one embodiment, all 
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bidding information is displayed to the bidders. In another embodiment, no bidding information 
is displayed to the bidders; only the results of the auction are displayed. A number of 
intermediate embodiments are also possible, in which some but not all bidding information is 
displayed to the bidders. For example, in one preferred embodiment, the auctioneer discloses 
only the aggregate quantity bid for each type of item in each round, as opposed to disclosing 
each individual bid. 

Computerized implementation of the auction also allows the auction to be conducted 
swiftly and reliably, even if bidders are not located on-site. The auctioneer can receive large 
numbers of bids, determine the auction outcome, and transmit the results to bidders with minimal 
labor and in a very short span of time. In particular, sophisticated dynamic auction methods 
become feasible with a computer implementation; it becomes practical to operate iterative 
auction procedures in which there may be ten or more auction rounds, yet bidders can participate 
from different parts of the globe and the entire process can conclude in a single day. 

The present invention comprises a computer that receives bids in a static or dynamic 
bidding process and assigns the items to bidders, and a method for receiving bids in a static or 
dynamic bidding process and assigning the items to bidders. In one embodiment, the invention 
comprises a Bidding Information Processor (BIP), a plurality of Bidding Terminals (BT's) 
communicatively coupled to the BIP, and an Auctioneer's Terminal (AT) communicatively 
coupled to the BIP. Bidders at the BT's enter bids in multiple rounds, and may observe 
displayed auction information. The BIP, BT's and AT communicate and process information in 
order to conduct an auction. 

The network used, if any, can be any system capable of providing the necessary 
communication to/from a Bidding Information Processor (BIP), a Bidding Terminal (BT), and an 
Auctioneer's Terminal (AT). The network may be a local or wide area network such as, for 
example, Ethernet, token ring, the Internet, the World Wide Web, the information superhighway, 
an intranet or a virtual private network, or alternatively a telephone system, either private or 
public, a facsimile system, an electronic mail system, or a wireless communications system, or 
combinations of the foregoing. 
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Brief Description of the Drawings 

Figure 1 is a graphical depiction of the architecture of an exemplary computer system in 
accordance with an embodiment of the invention; 

Figure 2 is a graphical depiction of another exemplary computer system in accordance 
with an embodiment of the invention; 

Figure 3 is a detail of one element of the computer system of Figure 2; 

Figure 4 is a flow diagram of an exemplary auction process in accordance with one 
embodiment of the invention; 

Figures 5a and 5b are flow diagrams illustrating, in greater detail, elements of the 

flow diagram of Figure 4; 

Figures 6a and 6b are flow diagrams illustrating, in greater detail, elements of the 

flow diagram of Figure 4; 

Figure 7 is a flow diagram illustrating, in greater detail, an element of the flow diagram 

of Figure 4; and 

Figures 8a, 8b and 8c are flow diagrams illustrating, in greater detail, elements of the 
flow diagram of Figure 4. 
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Detailed Description of Preferred Embodiments 

Overall Struc ^ " f Auction System 

Earlier auction methods and systems are described in U.S. Patent Nos. 5,905,975, 
6 021 398 and 6,026,383. The following description will detail the flow of the novel features of 
the preferred embodiments of the present method and system for an auction of multiple types of 

items. ., 

Before describing the auction process in detail, reference is made to Figure 1 to descnbe 
the architecture of an exemplary computer system in accordance with an embodiment of the 
present invention. In the graphical depiction of Figure 1, the computer system consuls of 
m ultiple bidder and auctioneer computers or terminals 20a-n and 30 communicating wnh the 
server (or auction computer) 10 over a network 40. The computers or terminals 20a-n are 
employed by bidders, the computer or terminal 30 is employed by the auctioneer, and the server 
10 is the auction computer. The server 10 consists of a CPU 11. memory 12, a data storage 
device 13, a communications interface 14, a clock 15, an operating system 16, and an aucuon 
program 17. In one embodiment, the system architecture is as a client-server system: the aucuon 
computer is a server; and the bidder and auctioneer computers are clients. 

Figure 2 is another graphical depiction of an exemplary computer system in accordance 
with an embodiment of the present invention. The auction system of Figure 2 includes an aucuon 
computer 60 (sometimes also referred to as a Bidding Information Processor or BIP), a plurahty 
of user systems 70a, 70b and so on (sometimes also referred to as Bidder Terminal or BT), each 
user system 70a-n representing an individual bidder, and a user system 80 (sometimes a.so 
referred to as an Auctioneer Termina. or AT). The systems 60, 70a-n, and 80 communicate over 
a network 90. The network represents any system capable of providing the necessary 
communication to/from BIP, BT, and AT. The network may be a local or wide area network 
such as, for example, Ethernet, token ring, the Internet, the World Wide Web, the informal™ 
superhighway, an intranet or a virtual private network, or alternatively a telephone system, other 
private or public, a facsimile system, an electronic mail system, or a wireless commumcauons 
system Each of the systems 60, 70a-n, and 80 may include a typical user interface 65, 75a-n, 85 
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for input/output which may include a conventional keyboard, d.splay, and other input/output 
devices. Within each of the systems, the user interface (65, 75a-„, 85) is coupled to a network 
interface (64, 74a-n, 84), which in turn communicates via the network 90. Both the user interface 
and network interface connect, at each system, to a CPU (62, 72a-n, 82). Each system includes a 
memory (66, 76a-n, 86). The HP 60 also includes a clock 6 1 and a data storage dev.ce 63, 
which will ordinarily contain a database. (However, in some embodiments the database ought 
instead be stored in memory 66.) The memory 66 of the UP 60 can further be broken down mto 
a program 67, data 68 and an operating system 69. The memory (76a-n, 86) of the BT's 70a-n 
and the AT 80 may include a web browser (for example, Internet Explorer or Netscape) (79, 89) 
or other general-purpose software, but not necessarily any computer program spec.fic to the 
auction process. In each system the CPU (62, 72a-n, 82) represents a source of intelligence when 
executing instructions from the memory (66, 76a-n, 86) so that appropriate input/output 
operations via the user interface and the network interface take place as is conventional m the art 
The particular steps used in implementing the inventive auction system and method are descnbed 
in more detail below. In one embodiment, each of the user systems is a personal computer or 
workstation. 

Figure 3 is a more detailed illustration of an exemplary BIP 60 showing detads of the 
database. As discussed for Fig. 2, the database is ordinarily stored on a data storage dev,ce 63, 
although in some embodiments it might instead be stored in memory 66. As depicted in Frg. 3, 
.he database includes provision for creating, storing, and retrieving records representmg Items m 
the Auction 63-1, Status of the Items in the Auction 63-2, Auction Timetable 63-3, Current 
Price(s) 63-4, List of Bidder ID'S 63-5, List of Passwords 63-6, Bidding History 63-7, and 
Constraints on Bids 63-8. The particular set of data required for any particular auction and the 
format of that datum or data (such as scalar, vector, list, etc.) is more particularly specified by the 
detailed description of that auction. 

nations CoBSgning of Item- -md "Groups" of Types of Items 

Many of the most useful embodiments of the present invention apply in situations where 
an entity wishes to sell or buy multiple "types" of items or commodities. Furthermore, related 
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embod.ments, it will be helpful for us to define some terminology. 

DEFINITION 1: A type of item comprises a (nonempty) subset of the set of all items being 
auctione^uc^any two items same type ^tentUal^ closest*. 

differentia time, location or any omer product ch^tenstics. TypicaUy^ere are mmUple 
units of each type of item. 

In what follows, we will assume mat types of items are being auctioned, and 
tnatthere are „ (*2 1) bidders participating in the auction. Whenever we state that mere .s a 
"plurality of types of items - we are restricting attention to the case where m >- 2. The .terns 
theauctionmayalsobesaidtobe-homogencous-inthecasewherem^andtote 

"heterogeneous" in the case where . 2 2. Whenever we state that there is a "plurahty of 
bidders," we are restricting attention to the case where n 2 2. 

Definition 2: A group G of types comprises a (nonempty) subset of {1 , ... , m}, the set 

thatthey are related, for example, they may be contracts for provision of the same commod.ty, 
covering different but overlapping time periods. 

^catingmenrnnberoftypesofitemscontainedinmeexemplary 
submitsabidmatinc.udesaone^imensiona.pricepammeter.andmispncep^ 
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the types of items. . 

Some examples of "types" and "groups," in situations where there may be s.gmficant 
commercial possibles for embodiments of the present invention, inc.ude the fol.owmg: 
. TreasurybUlsoromersecuritoAgovemmentorcentralbankmaywishto 
auction 3-month, 6-month and 12-month Treasury securities (for example, wnh the 
same starting date) together. Thus, there is one group of types of items (h = 1), and 
it contains three types of items (g = 3). In total, there are three types of items 

. S^ity^^^ 

auction some forward contracts or options contracts for base-load and peak-load 
electricity generation, with durations of 2 months, 3 months, 6 months, 1 2 months, 
24 months and 36 months, respectively. Thus, there are two groups of types of 
items (h = 2), each containing six types of items (g = 6). In total there are 2 x 6 = 
1 2 types of items (m = 12). 
. two unrelated, heterogeneous consumer commodities (e.g., apples and oranges). 
There arc two groups of types of items (k = 2), each containing just one type of 
item (g = 1), for a total of two types of items (m = 2). 
An auction in accordance with an embodiment of the present invention proceeds as 
follows. First, the auctioneer (i.e., the auctioneer terminal) determines a starting pnee vector 
CP, P m ) andtransmitsittomebidding^^ 
bidders^^^ 

ve ctorUtthebiddersbesuper S criptedby I ,whe re ( I = l »)• The bid vector for b.dder us 

denoted by (ft* QJ)- The following definitions are helpful in describing the process 

associated with a first embodiment of the present invention. 

fVr»PP DEFINITIONS. 

The avdlabje^uam^ may, in principle, be specified for each group of types of .terns 
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for the group. The avaUable quantity for group G will be denoted g» , and th.s refers, in the ease 
of an auction to sell, to the overa.l quantity of items in group 6 to be offered for sale . the 
auction or.in the caseofan auction to buy (i.e., a procurement auction or a "reverse aucnon ), to 
the overall quantity of items in group G to be bought in the auction. The vector of available 
quantities for all groups will be denoted (g fi*) Optionally, the available quantities may be 
allowed to depend on the prices, or otherwise be contingent on the progress of the auchon. 

„*o* rt r (P, P\ whose components represent the pnces 
The current prices comprise a vector, (F\ t ••• fmh wnoi,c Wl 

for the m respective types of items. 

The current bid of bidder | comprises a vector, <g,', - ,Qm), whose components represent 
the quantities that bidder I is willing to buy (in the case of an auction to sell) or to sell (m the 
case of an auction to buy) at the current prices for the m respective types of .terns. 

The current^ comprise the collection of vectors, (£>,', ... ,QL)U • of * e 

current bid of bidder i for every bidder (i = 1 .....«) in the auction. 

ThebiddmgJu^ 
present time and all earlier times in the current auction. 

A clockauction is a dynamic auction procedure whereby: the auctioneer announces the 
current prices to bidders; the bidders respond with current bids; the auctioneer determmes 
whether the auction should continue based on the bidding history; the auctioneer updates the 
currentprices based on the bidding history and the process repeats, if it is determined that the 

payments among the bidders based on the bidding history, if it is determined that the auct,on 
should not continue. 

Observe that a "clock auction" differs from a standard ascending-bid electronic auction in 
the Mowing important sense. In standard ascending-bid electronic auctions-such as » the 
Federal Communications Commission auctions for radio communications spectrum or » eBay 

items being auctioned, in an iterative process. In a standard clock auction, the auctioneer sets the 
pace for price increases, and bidders respond only with quantities in an iterative process. 
(However, in the discussion of Intra-Round Bids, below, it will be seen that there still may be a 
role for bidders naming prices - to a limited extent - in a clock auction.) 
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Figure 4 is a flow diagram of a dock auction in accordance with one embodiment of the 
presentation. The process starts -^^^^'^''T*'" 

i n formationprocessor(auctioncomputer)are initial 

algorithm reflecting the"yield curve" schedule, an initial price parameter an aucfon — , 
(Pl P m) Oneprefcrredembodimentoftheprocessofstepl04i S showningreaterdeta I .m 

inoiuding the current price vector (P, ... W * one preferred embodiment, the b.ddmg 
iuformationprocessoroutputsmeaucnoninformationthrou^ 

it via the network. The bidder terminals then receive ,e auctron mformat on thr 

step 108, a computer receives bids (fi,< ... bidders. In one prefened embody 

information processor then receives thebids through its network interface for use m the nex 

inVlnnFigureSa.InstepilO.ac.mputerappUescons.aints .^^^ 
hid!, andentersonlythosebidsthat satisfy said constrain.. This process,—^ neater 

continue. Exemplary processes of step 1 12 are illustnued in greater detad m F.gures 7 and 8b. In 
somepreferredembodiments,^^ 

If the auction should continue, the process goes to step 1 14, in which a computer 

information, if m .*-V^<*^*^"^^ 
automatically generates a suggested .vise, price vector, outputs the suggested rev.sed pnce 
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vector through its network interface, and— ts it via the network. The auctioneer tenn.aa. 
^ aucticneerthrough its user interface. The auctioneer either approves or tnod.fies the rev 1S ed 

price vector through its network interface and transmits it via the network. The btdd.ng 
infonnationprocessorthen receives the revisedprice vector through its network interface for use 
in subsequent steps. The process then loops to step 106. 

If the auction should not continue, the process goes to step 1 1 8, in which a computer 

Adders, in onepreferred embodiment, the b.ddmg mfonnarion processor takes me allocatmn of 
items among bidders to be their final bids and takes the payment of each bidder / to be the dot 
product of the final price vector and bidder «'s final quantity vector: 

(/> I ,... > pj(a',..fiL)- 

Thebiddinginformationpro™^ . , 

then receive the allocation and payment outcome through their network interfaces and d.sp.ay 
theinformationtobiddersandmeauctioneertkoughmeiruserinterfaces. Onepreferred 

Figure 8c. The process then ends. 

nf the In- rnti-r C ^ ™* Fstahlish in, or Implying Prices 

Figure 5a is a flow diagram illustrating an exemplary process by which updated prices are 
established. Tims, Figure 5a illustrates, in greater detail, step 114 of Figure 4. Theprocess 
begins with step 1 14-1, in which a computer selects a group Goftypes of items not yet 
considered. In step 1 14-2, a computer calculates the excess demand 7? for group G, ^" cl * lS 
given by: f -Q c I, c . Thus, Z° represents the amount by which the btds for al. 

G. In step 1 14-3, a computer selects a type of item included in group G, whose "old pace* 
denotedby Pf.Instep 11 4-4, a computer sets a "new" price if .where P, equalstheold P, 
plus an increment A. The increment A is given by A = c Z°, where c is a positive constant and & 



1A 



WO 02/097582 



PCT/US02/1«937 



was computed in step 1 14-2. (In other embodiments, other rules for incrementing Py are used.) 
In step 1 14-5, a computer looks up the new P° in a data table reflecting the "yield curve- 
schedule. The following Table 1 is an example of such a data table for a group G containing 
three types of items (corresponding to the base group of the earlier example containing base and 
peak groups of electricity contracts): 



if 


*f 




0.00 ' 


2.00 


3.00 


5.00 


7.00 


8.00 


10.00 


12.00 


13.00 


15.00 


17.00 


18.00 


20.00 


22.00 


23.00 



Table 1 

The process continues with step 1 14-6 in which a computer determines whether the new is 
an entry in the data table. If it is, the process continues with step 1 14-7 in which a computer 
reads across the row for the new if in the data table and thereby determines the new prices 
(if, ... , if) , where g denotes the number of types of items within group G. For example, with 
the data of Table 1, if if equaled 15.00, then the computer would determine "Yes" at step 1 14- 
6, and the computer would determine if = 17.00 and if =18.00 at step 114-7. The process 
then proceeds to step 1 14-10. 

If the new if is not an entry in the data table, the process continues with step 1 14-8, in 
which a computer retrieves i>;° w , the largest entry in the data table less than if , and a computer 
retrieves , the smallest entry in the data table greater than if . The process then continues 
with step IT 4-9, in which a computer determines the new prices (if, ... , if) by linear 
interpolation, reading across the rows in the data table corresponding to i>, tow and i > 1 h,gh , and 
applying the new if . For example, with the data of Table 1, if if equaled 10.50, then the 
computer would determine "No" at step 1 14-6. The computer would then retrieve P, low = 10.00 
and P, hi8h = 15.00 at step 114-8, and the computer would determine if =12.50 and if =13.50 
at step 1 14-9. The process then proceeds to step 1 14-10, in which a computer determines 
whether all groups G have been considered. If not, the process returns to step 1 14-1. However, 
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if ail groups G have been considered, then the entire step 1 14 has been completed, and the 
process continues with step 1 16 of Figure 4. 

Three observations should be made at this point. First, rather than determining prices by 
looking up and possibly interpolating of numbers that are contained in a data table, the 
relationship or relation among the prices may instead be an algorithm or a formula. For example, 
instead of using the data of Table 1, another preferred embodiment would be obtained by 
equivalently applying the formulae if - /f + 2 and if = if + 3 . Second, there is no 
particular reason that the relationship or relation among the prices need be linear, as it happens to 
be in Table 1 and in some applications. The relationship or relation (data table, or algorithm or 
formula) could be a nonlinear relationship between (if, ... , if) and if . Third, in some 
embodiments, the relationship or relation (whether schedule or data table, or algorithm or 
formula) among prices is predetermined and fixed, and in other embodiments, the relationship or 
relation can be based on data which may be revised during the course of the auction. In typical 
applications, the price relationship or relation may be determined from market data external to 
the auction, for example, from the "yield curve" in the government securities market, expressing 
the differential among prices or interest rates for securities of varying durations. If the market 
data external to the auction were to markedly change during the course of the auction, then the 
auctioneer might wish to revise the price relationship or relation accordingly. 

Figure 5b is a flow diagram illustrating an exemplary process by which initial prices are 
established. Thus, Figure 5b illustrates, in greater detail, step 104 of Figure 4. The process 
begins with step 104-1, in which a computer selects a group G of types of items not yet 
considered. In step 104-2, a computer selects a type of item included in group G, whose price is 
denoted by if . In step 104-3, a computer looks up the initial value for the selected type of item 
in group G among the memory locations that were initialized in step 102, and uses this value as 
the initial if . In step 104-4, a computer looks up the initial P, G in a data table reflecting the 
"yield curve" schedule. The previous Table 1 serves as an example of such a data table, as in the 
description of Figure 5a. The process continues with step 104-5 in which a computer determines 
whether the initial if is an entry in the data table. If it is, the process continues with step 104-6 
in which a computer reads across the row for the initial if in the data table and thereby 
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determines the initial prices (if, ... , if) . where g denotes the number of types of items within 
group G. The process then proceeds to step 104-9. 

If the initial if is not an entry in the data table, the process continues with step 104-7, in 
which a computer retrieves P*" , the largest entry in the data table less than if , and a computer 
retrieves i>, hiBh , the smallest entry in the data table greater than if . The process then continues 
with step 104-8, in which the computer determines the initial prices (if, ... , if) by linear 
interpolation, reading across the rows in the data table corresponding to Pf™ and P^ h , and 
applying the initial if . The process then proceeds to step 104-9, in which a computer 
determines whether all groups G have been considered. If not, the process returns to step 104-1. 
However, if all groups G have been considered, then the entire step 104 has been completed, and 
the process continues with step 106 of Figure 4. The first two observations made after Figure 5a 
also apply to the process of Figure 5b. 

Elements of the Invention Concerned w ith Applying Constraints to Bids 

Figures 6a and 6b are flow diagrams of two exemplary subprocesses of step 1 10. The 
process of Figure 6a begins with step 1 10a-l, in which a bidder i who has not yet been 
considered is selected. In step 1 10a-2, a bid (&'•' )^ by bidder i which has not yet been 
considered is selected. The bid (Q k ''') keG is a bid for group G of item types at time t in the 
auction. In step 1 10a-3, it is checked whether each quantity fff in the selected bid is a 
nonnegative integer. If each component of the bid is a nonnegative integer, the process goes to 
step 1 10a-4. In step 1 10a-4, it is checked whether the selected bid is consistent with bidder ?s 
initial eligibility, that is, whether: 

where bidder i's initial eligibility, <& , for group G may, for example, be determined by the level 
of financial guarantee posted by bidder i. If the selected bid is consistent with bidder i's initial 
eligibility, the process goes to step 1 10a-5, where bidder i's most recent previously-processed 
bid for group G, denoted (ft*-" 1 ) kt0 , is recalled. In step 1 lOa-6, it is checked whether the 
selected bid is consistent with the auction's activity rule, that is, whether the constraint: 

Ear*. 

keC *eG 
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is satisfied. If it is, the process continues to step 1 10a-7, where the selected bid (Q?) ktC is 
entered as a valid bid by bidder « on group G. Optionally, bidder i is sent a message confirming 
to him that the bid is valid. The process then goes to step 1 10a-8, where it is determined whether 
all bids by bidder i have been considered. If not, the process loops back to step 1 10a-2. If all bids 
by bidder i have been considered, the process continues to step 1 10a-9, where it is determined 
whether all bidders have been considered. If not, the process loops back to step 1 10a-l. If all 
bidders have been considered, the process goes to step 1 12 of Figure 4. 

If the selected bid fails any of the checks at steps 1 10a-3, 1 10a-4 or 1 10a-6, the process 
instead goes to step 1 10a-10, where a message is outputted to bidder « that the selected bid is 
invalid. The selected bid then is not entered as a valid bid. The process then goes to step 1 lOa-8, 
where it is determined whether all bids by bidder i have been considered. If not, the process 
loops back to step 110a-2. If all bids by bidder i have been considered, the process continues to 
step 1 10a-9, where it is determined whether all bidders have been considered. If not, the process 
loops back to step 110a-l. If all bidders have been considered, the process goes to step 1 12 of 
Figure 4. 

The process of Figure 6b begins with step 1 10b-l, in which a bidder i who has not yet 
been considered is selected. In step 110b-2,abid (&>) M by bidder i which has not yet been 
considered is selected. The bid (&'•')** is abid for group G of item types at time t in the 
auction. In step 1 10b-3, it is checked whether each quantity & in the selected bid satisfies the 
constraint: 

where C t '-' and C<!'' are arbitrary constants. If the constraint of step 1 10b-3 is satisfied, the 
process goes to step 1 10b-4. In step 1 lOb^l, it is checked whether each quantity <£ in the 
selected bid satisfies the constraint: 

where C k '-' and are arbitrary constants. If the constraint of step 110b-4 is satisfied, the 
process goes to step 1 10b-5, where it is checked whether the selected bid was submitted at a time 
no earlier than the starting time of the current round. If it was, the process goes to step 1 10b-6, 
where it is checked whether the selected bid was submitted at a time no later than the ending 
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time of the current round. If it was, the process continues to step 1 1 Ob-7, where the selected bid 

(a'-'L is entered as a valid bid by bidder ' on group G " 0ptionally ' bidder is sent 3 message 

confirming to him that the bid is valid. The process then goes to step 1 lOb-8, where it is 
determined whether all bids by bidder i 'have been considered. If not, the process loops back to 
step 1 10b-2. If all bids by bidder i have been considered, the process continues to step 1 10b-9, 
where it is determined whether all bidders have been considered. If not, the process loops back to 
step 1 10b-l. If all bidders have been considered, the process goes to step 112 of Figure 4. 

If the selected bid fails any of the checks at steps 110b-3, 110b-4 ( 110b-5 or 110b-6,the 
process instead goes to step 1 lOb-10, where a message is outputted to bidder i that the selected 
bid is invalid. The selected bid then is not entered as a valid bid. The process then goes to step 
1 1 Ob-8, where it is determined whether all bids by bidder i have been considered. If not, the 
process loops back to step 1 10b-2. If aU bids by bidder i have been considered, the process 
continues to step 1 10b-9, where it is determined whether all bidders have been considered. If not, 
the process loops back to step 1 10b-l. If all bidders have been considered, the process goes to 
step 112 of Figure 4. 

Kmhoriiments of the Wntion Co p ">™H with Whether the Auction Should Continue 

Figure 7 is a flow diagram of a subprocess of step 1 12 of Figure 4. It illustrates an 
exemplary process by which a computer may determine whether the auction should continue. 
Related to this will also be Figure 8b, below, which illustrates an exemplary process by which a 
computer determines whether the auction should continue, in a system where bidders are 
permitted to submit Intra-Round Bids. Figure 7 begins with step 1 12a-l, in which a group G of 
types of items not yet considered is selected. In step 1 12a-2, a computer determines whether the 
excess demand for group G of types of items is within C° of the available quantity, that is, 
whether: 

M keG 

The constant, C° , has the interpretation that this is the tolerance to which the auctioneer is 
aUowing oversell or undersell to occur. If the auctioneer needs to sell exactly the available 
quantity of the group G of item types, then C c = 0. If this inequality is not satisfied, then group 
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G of item types has not yet cleared, and so the auction should continue. The process thus jumps 
immediately to step 1 14 of Figure 4. 

If the inequality of step 1 12a-2 is satisfied, the process then goes to step 1 12a-3, where it 
is determined whether all groups G of types of items have been considered. If not, the process 
loops back to step 1 12a-l. However, if all groups G of types of items have already been 
considered, then it has been found that all groups G of types of items have cleared within a 
tolerance of C° , and so the auction should not continue. The process proceeds to step 1 18 of 
Figure 4, where the final message is generated. 

Embodiments of the Invention Concerne d with Intra-Round Bids 

In many of the leading dynamic electronic auctions in the prior art, bidders submit bids in 
a sequence of discrete rounds . For example, in the Federal Communications Commission 
auctions for radio communications spectrum or in the recent UMTS auctions held by European 
nations, the following would be a typical bidding schedule for an auction: 

Round 1: 9:00- 9:45 
Round 2: 10:00-10:45 
Round 3: 11:00-11:45 
Round 4: 12:00-12:45 
Round 5: 13:00-13:45 
Round 6: 14:00-14:45 
Round 7: 15:00-15:45 
Round 8: 16:00-16:45 

This bidding schedule would have the following interpretation. During the specified time period 
of each round, a bidder would be required to submit a new bid or new collection of bids (unless 
this bidder was already the standing high bidder on an item after the bidding of the previous 
round). If a bidder who was required to submit a new bid failed to submit a new bid, then (except 
for provisions in the rules concerning automatic waivers) the bidder would be eliminated from 
the auction. 

By contrast, some other electronic auctions in the prior art — for example, online 
auctions at eBay - allow bidding to occur continuously. Rather than adhering to any rigid round 
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schedule, bidders may submit bids at any times that they like up to a specified closing time. 
Related to this, there is no sense that a bidder is required to bid a certain amount by any 
particular time in order to retain eligibility to bid at a later time in the auction. 

Many or most electronic auctions for high-valued items utilize a discrete round structure, 
rather than allowing bidding to occur continuously. There appear to be several reasons for this. 
First, a discrete round structure has desirable information properties. The auction can be easily 
structured so that the results of Round t are disseminated to bidders before the bids of Round M 
need to be submitted. Second, a discrete round structure is especially conducive to enforcing 
"activity rules," in which a bidder is required to be active (i.e., either be the standing high bidder 
or place a new high bid) on a given number of items in an earlier round of the auction in order to 
continue to bid on a given number of items in a later round of the auction. This forces bidders to 
effectively disclose to their opponents (through their bidding) the values that they attach to the 
items, helping to mitigate the well-known "Winner's Curse" present in auctions. Third, a discrete 
round structure requires a bidder to repeatedly affirm, in successive rounds, his willingness to 
pay a given price for an item in the auction - which may be especially desirable when items 
such as communications licenses may sell for millions or billions of dollars or euros. 

At the same time, the desirable properties of a discrete round structure may come at some 
considerable cost. It will typically be reasonable to hold only something like 8 to 12 rounds of 
bidding in a given day. As a result, the auctioneer must accept at least one of several problems: 

(1) The auction may be required to last a very long time: in some North American and 
European spectrum auctions, the bidding extended more than 20 business days. Such 
a lengthy auction may be rather onerous for bidders and for the seller. In particular, it 
may discourage bidder participation, causing the seller to forgo substantial revenues. 

(2) The bid increment between successive rounds may be required to be rather 
substantial: in some North American and European spectrum auctions, the bid 
increment between successive rounds never was allowed to drop below five percent 
of the previous bid. It can be argued that a seller suffers an expected revenue loss 
which is directly proportional to the minimum bid increment, so this may cost a seller 
millions of dollars or euros. 
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(3) The starting price may be required to be very near to the expected closing price. This 
may discourage bidder participation, as well as potentially eliminating the possibility 
of bidders getting caught up in the excitement of the auction and bidding very high 
prices (which is one of the advantages of conducting a dynamic auction). This also 
runs the risk that the auction will fail: that is, quantities bid at the starting price being 
less than the available quantity at the auction. 
Moreover, in a clock auction, problem (2) above, a large bid increment, may lead to a heightened 
risk of "undersell". Consider an auction with an available quantity of 100 units of an item, and 
suppose a bid increment of five percent. It is quite plausible that, at a price of $1,000,000 per 
unit, the aggregate quantity bid by all bidders would equal 1 10 units, but at the next price of 
$1,050,000 per unit, the aggregate quantity bid by all bidders would decline to only 60 units. The 
auctioneer then faces the unattractive alternatives of: selling only 60 units out of the available 
quantity of 100 units at a price of $1,050,000 each; rationing bidders so that only 100 units, out 
of the 110 demanded, are sold at $1,000,000; or restarting the auction at $1,000,000. Observe 
however that the "undersell" problem would in all likelihood have been substantially avoided, 
had a much smaller bid increment been possible. 

One embodiment of the present invention is a system and method for "Intra-Round Bids." 
A discrete round structure - with all of its many advantages - is preserved for a clock auction. 
However, in each round of the clock auction, a "starting price" and "ending price" is established 
for each type of item. Bidders are permitted to submit bids at prices between the starting price 
and the ending price. In a preferred embodiment, a bidder submits a price parameter for group G 
representing a percentage of the distance from the starting price vector for group G and the 

ending price vector for group G. 

Bidders have every incentive to utilize Intra-Round Bids, and to the extent that bidders 
utilize them, the seller should be expected to attain higher auction revenues and to reduce the 
probability of undersell. Thus, a system and method for Intra-Round Bids improves upon the 
prior art for auction systems and methods, and has immediate practical application for dynamic 
auctions of radio communications spectrum, securities and other financial products, electric 
power, etc. 
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While the previous and following description of Intra-Round Bids is framed largely in 
terms of regular auctions to sell (where bidders are buyeis), the invention is equally applicable 
for reverse or procurement auctions to buy (where bidders are sellers). For the sake of brevity, 
this specification will not run through the process a second time with the roles of selling and 
buying reversed, but it should be clear to anybody skilled in the art that the technology can be 
equally used in both situations. 

Here is an example illustrating the usefulness and exact meaning of Intra-Round Bids. 
Suppose that, in a clock auction with an available quantity of 100 units, the ending price per unit 
associated with Round 4 is $1,000,000, and the ending price per unit associated with Round 5 is 
$1,050,000. In an auction with discrete bidding rounds, Bidder 1 might submit a bid quantity of 
55 units for Round 4 and a bid quantity of 30 units for Round 5. If there also exists a Bidder 2 
who submits the same bid quantities, then we would have exactly the "undersell" problem 
described above: an aggregate quantity bid by all bidders of 1 10 units in Round 4 but only 60 
units in Round 5 (with available quantity of 100 units). 

With an auction system and method with Intra-Round Bidding, the ending price for 
Round 4 may be taken to be the starting price for Round 5, i.e., the starting price for Round 5 is 
$1,000,000. Here is an example of the bids that Bidder 1 might submit for Auction Round 5: 

53 units at $1,010,000 per unit; 

51 units at $1,020,000 per unit; 

49 units at $1,030,000 per unit; 

45 units at $1,035,000 per unit; 

40 units at $1,040,000 per unit; and 

30 units at $1,045,000 per unit. 
These bids have the following exact meaning: the parameters corresponding to price 
indicate the price at which Bidder 1 wishes to change his quantity demanded as compared to his 
"previous" (that is, next lower price) bid. Thus, in this example: 

Bidder 1 is willing to purchase 55 units (his previous bid from Round 4) at prices 
of $1,000,001 - $1,009,999; 

Bidder 1 is willing to purchase 53 units at prices of $1,010,000 - $1,019,999; 

Bidder 1 is willing to purchase 51 units at prices of $1,020,000 - $1,029,999; 
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Bidder 1 is willing to purchase 49 units at prices of $1,030 ; 000 - $1,034,999; 

Bidder 1 is willing to purchase 45 units at prices of $1,035,000 - $1,039,999; 

Bidder 1 is willing to purchase 40 units at prices of $1,040,000 - $1,044,999; and 

Bidder 1 is willing to purchase 30 units at prices of $1,045,000 - $1,050,000. 
If there also exists a Bidder 2 who submits the same bid quantities, then the auctioneer would be 
able to declare the auction over at a price between $1,030,000 and $1,034,999, with 98 out of the 
100 available units sold. The auction revenues are improved, and the undersell problem is greatly 
reduced. 

Figure 8a is a flow diagram of a subprocess of step 108 of Figure 4. It illustrates an 
exemplary process by which a particular bidder « may submit Intra-Round Bids. Figure 8a begins 
with step 108-1, in which bidder i selects a group, G, of item types on which he wishes to place a 
bid. In step 108-2, bidder * selects a price parameter for group G representing a percentage of the 
distance from the starting price vector for group G and the ending price vector for group G in the 
current round. For example, in a group containing three types of items, if the starting price vector 
is (4.00 , 4.50 , 4.75), if the ending price vector is (8.00 , 8.50 , 8.75), and if a bidder enters a 
price parameter of 25%, this signifies that the bidder is indicating an implied price vector of 
(5.00 , 5.50 , 5.75). In step 108-3, bidder i selects quantities of the item types of group G that he 
would like to take effect as bids at the price vector implied by the selected price parameter. In 
step 108-4, bidder i expresses whether he wishes to enter more bids. If so, the process loops back 
to step 108-1. If not, the process continues to step 108-5. In step 108-5, a computer determines 
whether bidder i has submitted at least one bid for each group G of item types. If not, the process 
loops back to step 108-1, and optionally a computer prompts bidder i to submit bids on the 
groups G of item types on which bidder i has not submitted at least one valid bid in the current 
round. If so, the process goes to step 1 10 of Figure 4. 

Figure 8b is a flow diagram of a subprocess of step 112 of Figure 4. It illustrates an 
exemplary process by which a computer determines whether the auction should continue, in a 
system where bidders are permitted to submit Intra-Round Bids. Figure 8b begins with step 
1 12b-l, in which a group G of item types not yet considered is selected. In step 1 12b-2, a 
computer sorts all bids entered for group G in the current round. The sorting is done: first, by 
bidder ID; second, by price parameter in the entered bid (in descending order); and third, by time 
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stamp of submission (in descending order). In step 112b-3, a computer selects, for each bidder i, 
the bid, e C,i , for group G with the highest price parameter (and then the latest time stamp). In 
step 1 12b-4, a computer determines whether the aggregate quantity bid for group G is no greater 
than the available quantity, that is, whether: 

If this inequality is not satisfied, then group G of item types has not yet cleared, and so the 
auction Should continue. The process thus jumps immediately to step 1 14 of Figure 4. 

If the inequality of step 1 12b-4 is satisfied, the process then goes to step 1 12b-5, where it 
is determined whether all groups G of item types have been considered. If not, the process loops 
back to step 1 12b-l. However, if all groups G of item types have already been considered, then it 
has been found that all groups G of item types have cleared, and so the auction should not 
continue. The process proceeds to step 1 18 of Figure 4, where the final message is generated. 

Figure 8c is a flow diagram of a subprocess of step 1 18 of Figure 4. It illustrates an 
exemplary process by which a computer determines final allocations and payments, in a system 
where bidders are permitted to submit Intra-Round Bids. Figure 8c begins with step 1 18-1, in 
which for all bids entered in the current (i.e., final) round, a computer sorts the price parameters 
from smallest to largest, and denotes them *, < n % < ... < n R . In step 1 1 8-2, a computer initializes 
the price parameter subscript to r = 1, so that in the first iteration of the remaining steps, the 
computer considers the smallest value, n x . In step 1 1 8-3, a group G of item types not yet 
considered is selected. In step 1 18-4, a computer sorts all bids entered for group G in the current 
round. The sorting is done: first, by bidder ID; second, by price parameter in the entered bid (in 
descending order); and third, by time stamp of submission (in descending order). In step 1 18-5, a 
computer selects, for each bidder i, the bid, Q°-' , for group G with the highest price parameter 
that is less than or equal to n T (and then with the latest time stamp). In step 1 18-6, a computer 
determines whether the aggregate quantity bid for group G is no greater than the available 
quantity, that is, whether: 

iol keG 

If this inequality is not satisfied, then group G of item types has not yet cleared at price 
parameter n r , and so r needs to be incremented. The process thus goes to step 118-8, where the 
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price parameter subscript r is advanced by 1, so that in the next iteration of these steps, the 
computer considers the next price parameter, * r+1 . The process then loops back to step 118-3, 
using the new higher value of * r+1 and starting over for groups G of item types. 

If the inequality of step 118-6 is satisfied, the process continues to step 1 18-7, where it is 
determined whether all groups G of item types have been considered. If not, the process loops 
back to step 118-3. However, if all groups G of item types have already been considered, then it 
has been found that all groups G of item types have cleared at price parameter *, . Thus, the 
price parameter n r implies market-clearing prices for the auction. The process proceeds to 
calculate the price vector implied by price parameter n, , to note the quantities bid by all bidders 
at this price vector, and to incorporate these computations into a final message that is outputted 
from a machine. 

Auction-Like Optimization Problems and Machine-Generated Bids 

In the course of this application, a method and apparatus for implementing auctions of 
multiple items has been described. The methods and apparatus described allow users to 
participate in various auctions with a level of attention which varies from continuous, down to 
the input of information on a single occasion. It should also be apparent that the required level of 
attention by the "auctioneer" may vary from continuous to essentially zero — aside from 
initiating the auction. Thus, for all intents and purposes, once the basic auction description is 
selected and the users input desired information, the auction implemented by the invention can 
be essentially automatic, i.e. devoid of human interaction. 

Because in the past auctions have generally been considered to be processes engaged in 
by persons, the feature of an automatic auction may be, by itself, considered relatively new. 
There are, however, many other automatic systems which interact in a way that is entirely 
analogous to an auction and to which the present invention could be applied. Hence, the present 
invention can be applied to improve the efficiency of computers which are used to operate the 
automatic systems, by economizing on the collection of informational inputs needed for the 
system and to speed the computational of optimal resource assignments. At the same time, many 
optimization problems encountered in the field of operations research have similar mathematical 
structures to the problem of determining the winners of an auction. Hence, the present invention 
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can be applied to improve the efficiency of computer systems which are used to solve the similar 
optimization problems, by enabling the computations to be implemented on a system with 
parallel processing or generally by speeding the computation of solutions. 

For example, the air conditioning plant in an office building allocates cool air among 
individual offices in the building via a dynamic auction. Periodically, the central computer of the 
air conditioning system serves the role of the "auction computer" in a clock auction, while 
computers interfaced with the thermostats in each suite of offices serve the role of "bidder 
terminals." Each thermostat is programmed to send back bids consisting of a desired quantity of 
cooled air based on: the current temperature reading of the thermostat, the desired temperature in 
the office, and the use (if any) to which the office is currently being put. Based on the parameters 
to which it has been programmed, the central computer of the air conditioning system then 
provides the results of the auction in its allocation of cooled air among the bidding offices. 

In another context, a communications, transportation or energy transmission network 
faces the technical problem of how to allocate its scarce network resources. The optimization 
problem in allocating its network resources (e.g., bandwidth, switches, etc.) has a very similar 
structure to the auction problem. Moreover, clock auctions are again well suited to the problem, 
since a network provider needing multiple types of network resources is able to iteratively bid on 
a vector of network resources, always knowing me price of each. Hence, the present invention 
can be usefully applied to improving the solution to this technical problem. 

In another context, computational resources on a distributed computer system can be 
allocated via a clock auction. Whenever a new job requiring a given quantity of CPU time enters 
the system, an auction is conducted. Each member of the distributed computer system indicates 
the quantity of CPU time which it can make available at a given priority level or a given price. In 
this case, the "auctioneer computer" selects and allocates the resources to be applied to the new 
job in accordance with some programmed timetable and hence in this fashion provides the results 
of the auction. 

The several examples described herein are exemplary of the invention, whose scope is 
not limited thereby but rather is indicated in the attached claims. 
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1. A computer system for conducting an auction of a plurality of types of items among a 
plurality of bidders, wherein bids are received and an allocation of the items among the bidders 
is determined by the computer system based on the bids, comprising: 

establishing means for establishing prices for the plurality of types of items, wherein the prices 
maintain a relationship, 

receiving means for receiving bids associated with the established prices, and 

processing means for processing the received bids to determine an allocation of the items among 
the bidders consistent with the bids in the event that an allocation consistent with the bids is 
possible, otherwise enabling the establishing means to alter the prices established for the 
plurality of types of items. 

2. A system as recited in claim 1 which further comprises means for constraining the changes in 
a bid from a given bidder as the established prices are altered by considering, in the processing 
means, only bids which satisfy a constraint enforced by the means for constraining. 

3 A system as recited in claim 2 wherein the constraining means includes summation means for 
calculating a sum of quantity parameters for a group of types of items. 

4. A system as recited in claim 3 wherein the constraining means includes comparing means for 
comparing the calculated sum with a previous calculated sum for the same group of types of 
items. 

5. A system as recited in claim 1 wherein each received bid comprises a quantity parameter for 
at least one of the types of items in the auction. 
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6. A system as recited in claim 5 wherein the establishing means establishes a price for a first 
type of item and then determines prices for each other type of item based on the price for the first 
type of item. 

7. A system as recited in claim 6 wherein the establishing means determines prices from a 
predetermined schedule. 

8. A system as recited in claim 7 wherein the establishing means includes interpolation means 
for interpolating prices among prices on the predetermined schedule. 

9. A system as recited in claim 6 wherein the processing means includes summation means for 
calculating a sum of the quantity parameters for the first type of item. 

10. A system as recited in claim 9 wherein the processing means includes comparing means for 
comparing the calculated sum with an available quantity parameter. 

1 1 . A system as recited in claim 1 wherein the plurality of types of items are contracts for 
provision of a commodity covering different time periods, wherein the time periods of at least 
some of the contracts have at least some overlap. 

12. A system as recited in claim 5 wherein the plurality of types of items are contracts for 
provision of a commodity covering different time periods, wherein the time periods of at least 
some of the contracts have at least some overlap. 

13. A system as recited in claim 12 wherein the processing means includes summation means 
for calculating a sum of the quantity parameters for the overlapping contracts. 

14. A system as recited in claim 13 wherein the processing means includes comparing means for 
comparing the calculated sum with an available quantity parameter. 
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15. A system as recited in claim 1 wherein the relationship of the prices established by the 
establishing means is determined by a schedule. 

16. A system as recited in claim 1 wherein the relationship of the prices established by the 
establishing means is determined by an algorithm. 

17. A computer implemented method for conducting an auction of a plurality of types of items 
among a plurality of bidders, wherein bids are received and an allocation of the items among the 
bidders is determined based on the bids, comprising: 

establishing prices for the plurality of types of items, wherein the prices maintain a relationship, 
receiving bids associated with the established prices, and 

processing the received bids to determine an allocation of the items among the bidders consistent 
with the bids in the event that an allocation consistent with the bids is possible, otherwise 
altering the established prices for the plurality of types of items. 

18. A method as recited in claim 17 which further comprises constraining the changes in a bid 
from a given bidder as the established prices are altered by considering, in the processing, only 
bids which satisfy a constraint. 

19. A method as recited in claim 18 wherein the constraining includes calculating a sum of 
quantity parameters for a group of types of items. 

20. A method as recited in claim 19 wherein the constraining includes comparing the calculated 
sum with a previous calculated sum for the same group of types of items. 
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21. A method as recited in claim 17 wherein each received bid comprises a quantity parameter 
for at least one of the types of items in the auction. 

22. A method as recited in claim 21 wherein a price is established for a first type of item and 
then prices for each other type of item are determined based on the price for the first type of 
item. 

23. A method as recited in claim 22 wherein the determined prices are determined from a 
predetermined schedule. 

24. A method as recited in claim 23 wherein establishing prices includes interpolating prices 
among prices included in the predetermined schedule. 

25. A method as recited in claim 22 wherein processing the received bids includes calculating a 
sum of the quantity parameters for the first type of item. 

26. A method as recited in claim 25 wherein processing the received bids includes comparing 
the calculated sum with an available quantity parameter. 

27. A method as recited in claim 17 wherein the plurality of types of items are contracts for 
provision of a commodity covering different time periods, wherein the time periods of at least 
some of the contracts have at least some overlap. 

28. A method as recited in claim 21 wherein the plurality of types of items are contracts for 
provision of a commodity covering different time periods, wherein the time periods of at least 
some of the contracts have at least some overlap. 

29. A method as recited in claim 28 wherein processing the received bids includes calculating a 
sum of the quantity parameters for the overlapping contracts. 
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30. A method as recited in claim 29 wherein processing the received bids includes comparing 
the calculated sum with an available quantity parameter. 

31. A method as recited in claim 17 wherein the relationship of the prices is based on a 
schedule. 

32. A method as recited in claim 17 wherein the relationship of the prices is based on an 
algorithm. 

33. A computer system for conducting an auction of a plurality of types of items among a 
plurality of bidders, wherein bids are received and an allocation of the items among the bidders 
is determined based on the bids, comprising: 

receiving means for receiving bids comprising a quantity parameter for at least one of the types 
of items in the auction and a price parameter, and 

processing means for processing the received bids to determine an allocation of the items among 
the bidders that is consistent with the bids in the event that an allocation consistent with the bids 
is possible, wherein the processing means includes implying means for implying prices from 
price parameters in the received bids based on a fixed relation among the prices of the plurality 
of types of items. 

34. A system as recited in claim 33 which includes means for inviting additional bids in the 
event that an allocation of items consistent with the received bids is not possible, and means for 
applying the additional bids to the processing means for processing the additional bids to 
determine an allocation of the items among the bidders consistent with the additional bids in the 
event that an allocation consistent with the additional bids is possible. 
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35. A computer system as recited in claim 34 which further comprises means for constraining 
the additional bids from a given bidder by limiting the processing to only additional bids which 
satisfy a constraint. 

36. A system as recited in claim 35 wherein the constraining means includes summation means 
for calculating a sum of quantity parameters for a group of types of items. 

37. A system as recited in claim, 36 wherein the constraining means includes comparing means 
for comparing the calculated sum with a previous calculated sum for the same group of types of 
items. 

38. A system as recited in claim 33 wherein the plurality of types of items are contracts for 
provision of a commodity covering different time periods, wherein the time periods for at least 
some of the contracts have at least some overlap. 

39. A system as recited in claim 35 wherein the processing means includes summation means 
for calculating a sum of the quantity parameters for at least some of the overlapping contracts. 

40. A system as recited in claim 39 wherein the processing means includes comparing means for 
comparing the calculated sum with an available quantity parameter. 

41. A system as recited in claim 33 wherein the fixed relation of the implying means is based on 
a schedule. 

42. A system as recited in claim 33 wherein the fixed relation of the implying means is based on 
an algorithm. 

43. A computer implemented method for conducting an auction of a plurality of types of items 
among a plurality of bidders, wherein bids are received and an allocation of the items among the 
bidders is determined based on the bids, comprising: 
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receiving bids comprising a quantity parameter for at least one of the types of items in the 
auction and a price parameter, and 

processing the received bids to determine an allocation of the items among the bidders consistent 
with the bids in the event that an allocation consistent with the bids is possible, wherein the 
processing includes implying prices from price parameters in the received bids based on a fixed 
relation among the prices of the plurality of types of items. 

44. A method as recited in claim 43 which includes inviting additional bids in the event that an 
allocation of items consistent with the received bids is not possible, and processing the additional 
bids to determine an allocation of the items among the bidders consistent with the additional bids 
in the event that an allocation consistent with the additional bids is possible. 

45. A method as recited in claim 44 which further comprises constraining the additional bids 
from a given bidder by considering, in the processing, only additional bids which satisfy a 
constraint. 

46. A method as recited in claim 45 wherein the constraining includes calculating a sum of 
quantity parameters for a group of types of items. 

47. A method as recited in claim 46 wherein the constraining includes comparing the calculated 
sum with a previous calculated sum for the same group of types of items. 

48. A method as recited in claim 43 wherein the plurality of types of items are contracts for 
provision of a commodity covering different time periods, wherein the time periods for at least 
some of the contracts have at least some overlap. 

49. A method as recited in claim 48 wherein the processing includes calculating a sum of the 
quantity parameters for at least some of the overlapping contracts. 
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50. A method as recited in claim 49 wherein the processing includes comparing the calculated 
sum with an available quantity parameter. 

51. a method as recited in claim 43 wherein the fixed relation of the processing is determined 
by a schedule. 

52. A method as recited in claim 43 wherein the fixed relation of the processing is determined 
by an algorithm. 

53. A computer system for conducting an auction of at least one type of item among a plurality 
of bidders in a plurality of rounds, wherein bids are received and an allocation of the items 
among the bidders is determined by the computer system based on the bids, comprising: 

establishing means for establishing starting prices and ending prices for each type of item in a 
plurality of rounds, 

receiving means for receiving bids, wherein a bid comprises a quantity for at least one type of 
item and a price parameter signifying a percentage of the distance from the established starting 
prices to the established ending prices, and 

processing means for processing the received bids to determine an allocation of the items among 
the bidders consistent with the bids in the event that an allocation consistent with the bids is 
possible, otherwise enabling the establishing means to alter the prices established for at least one 
type of item. 

54. A system as recited in claim 53 where the establishing means includes means to maintain a 
relation among the established prices. 
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55. A system as recited in claim 54 wherein the means to maintain a relation among the 
established prices employs a schedule of prices. 

56. A system as recited in claim 54 wherein the means to maintain a relation among the 
established prices employs an algorithm. 

57. A system as recited in claim 53 which further comprises means for constraining the changes 
in a bid from a given bidder as the established prices are altered by considering, in the processing 
means, only bids which satisfy a constraint enforced by the means for constraining. 

58. A system as recited in claim 58 wherein the constraining means includes summation means 
for calculating a sum of quantities bid for a group of types of items. 

59. A system as recited in claim 59 wherein the constraining means includes comparing means 
for comparing the calculated sum with a previous calculated sum for the same group of types of 
items. 

60. A computer implemented method for conducting an auction of at least one type of item 
among a plurality of bidders in a plurality of rounds, wherein bids are received and an allocation 
of the items among the bidders is determined based on the bids, comprising: 

establishing starting prices and ending prices for each type of item in a plurality of rounds, 

receiving bids, wherein a bid comprises a quantity for at least one type of item and a price 
parameter signifying a percentage of the distance from the established starting prices to the 
established ending prices, and 

processing the received bids to determine an allocation of the items among the bidders consistent 
with the bids in the event that an allocation consistent with the bids is possible, otherwise 
altering the established prices for at least one type of item. 
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61. A method as recited in claim 61 where the establishing includes maintaining a relation 
among the established prices. 

62. A method as recited in claim 62 wherein the relation among the established prices is 
determined by a schedule. 

63. A method as recited in claim 62 wherein the relation among the established prices is 
determined by an algorithm. 

64. A method as recited in claim 61 which further comprises constraining the changes in a bid 
from a given bidder as the established prices are altered by considering, in the processing, only 
bids which satisfy a constraint. 

65. A method as recited in claim 65 wherein the constraining includes calculating a sum of 
quantities bid for a group of types of items. 

66. A method as recited in claim 66 wherein the constraining includes comparing the calculated 
sum with a previous calculated sum for the same group of types of items. 
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Figure 2 
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Figure 3 
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Figure 5b 
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Figure 6a 
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Figure 6b 



No 



No 



No 



No 



110b-10 
Output to bidder 
that bid is invalid 



CFrom S\ep\ 
108 J 



110D-1 

Select a bidder i not yet considered 



110b-2 

Select a bid ( Q k j,t ) k€ G by bidder i 
not yet considered 



(To Step 



Yes 



110b-3 

Does bid satisfy the constraint: 



Yes 



110b-4 

Does bid satisfy the constraint: 

^c; w q^c^ ? 

teG 



Yes 



Yes 



110b-6 

Was bid submitted no later than 
the ending time of current round? 



Yes 



110b-5 

Was bid submitted no earlier than 
the starting time of current round? 



110b-8 
All bids considered? 

\ Yes 



110b-9 
All bidders considered? 



110b-7 

Enter ( Q k u ) ke G as a valid bid by 
bidder i on group G 



No 



No 



8/12 



WO 02/097582 



PCT/US02/16937 



Figure 7 



(From Siep\ 
110 J 



To Step 114 
(Auction should 
continue) 



No 



112 

Select a group 
items not ye 


r 

a-1 

G of types of < 
t considered 






Is 


112a-2 

i=1 keG 


<C G ? 




Yes 

r 


All groups ( 
items co 


a-3 

3 of types of 
nsidered? 



Yes 



To Step 118 
(Auction should 
not continue) 



No 



9/12 



WO 02/097582 



PCT/US02/16937 



Figure 8a 
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Figure 8b 
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Figure 8c 
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